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(54) Abstract Title 

Roller cone drill bit having non-axisymmetric cutting elements oriented to optimise drilling performance 

(57) At least one cutting tooth 29 with a crest without rotational symmetry is located on the rolling cone of a 
drill bit. The drilling performance of this bit in a selected lithology is simulated and the orientation e n of the 
asymmetrical tooth is adjusted and the simulation iteratively repeated until the optimum orientation has been 
determined. This is associated either with the peak value of a single performance parameter, such as the rate 
of bit penetration, or with the orientation that offers best performance as measured by a combination of 
parameters. A typical*) pti mum orientation is about 25* perpendicular to the plane containing both the cone 
axis and the tooth. The orientation of the base of the tooth may also be optimised in the same way and need 
not match the orientation of the tooth crest (figure 4). Also disclosed is a roiling cone with at (east one tooth at 
a different orientation to the rest, in order to prevent tracking. 
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FIG. 4 
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ROLLER CONE DRILL BIT HAVIN G NON-AXESYMMETRIC 
ODTTING ELEMENTS ORIENTED TO OPTIMIZE DRILLING 

PERFORMANCE 



The inv enti on relates generally to the field of drill bits used to drill earth 
formations. More specifically, die invention relates to methods for designing, and 
5 to designs, far drill bits having irnpTOved drilling performance. 

Roller: cone doll bits used to drill wellbores through earth formations 
generally include a plurality of roller cones rotatabry mounted to a bit body. The 
bit body is turned by a drilling apparatus (doffing rig) -while axial force is applied 

10 to the bit to drill through tits, earth formations. The roller cones include a plurality 
of cutting elements disposed at selected loc a t i on s thereon. The types, sizes and 
shapes of file catting elements are generally selected to optimize drilling 
performance of the drill hit in the particular earth formations through which the 
formation is to he drilled. 

15 The catting elements may be fanned from the same piece of metal as each 

of the roller cones, these being so-called "milled tooth* bits. Other iypes of 
cutting elements consist of various forms of "inserts" (separate bodies formed 
from selected materials) which can be affixed to the roller cones in a number of 
different ways* 

20 Some types of cutting elements, both milled tooth and insert type, have 

cutting edges ("wasts") which are not symmetric with respect to an axis within the 
body of (he cutting element. These are called non-axisymmetric cutting elements. 
Some types of roller cone drill bits have non-axisymmetric cutting elements . 
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c^oriehtarioiiistoir^^ 

One such method for impiovmg drill bit perfbtnau.ee by orientmg cutting 
element cxests along a particular direction is described in pubHshed patent 
plication PCT/US99/19992 filed by S. Chen. The method disclosed m tins 
application generally includes determining an expected trajectory of the putting 
elements as drey come into contact vrith the earfc formation. The expected 
Rectory is determined by estmmtiiig a rotation ratio of the roller cones, flus rabo 
being me cone rotation speed v^iesoect to the b^ Thecrestsof 
the catting elements are men oriented to be amsta^^ perjpeatfcular to. or 
a1«ig,meexi>ectedt^^ Whether me crests are oriented perpendicalar or 
along me expeotodtr^eetory depends On the type of emm formation ben* drilled 
Yet another method for orienting me crests of the catting elements on a 
roller cone bit is described in U. S. patent no 5,197,555 issued to Estes. As 
plained in me Bstes '555 patent, me crests of me catting elements are Rented 
wifitin angle ranges of 30 to 60 degrees (or 3W to 330 degr^) W 
rotation of the cone. 

It is desirable to provide a drill bit wherein noiwrasyrnmetrm cutting 
elemente axe oriented to optimize a rate at which the drill bit cote through earth 
20 formations. 
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One aspect of the invention is a roller cone drill bit having rolfer cones 
rotatably attached to a bit body. Bach of the cones includes a lAaraKty of catting 
25 elements, at least one of the catting elemente being non-axisyinmetric and oriented 
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so that a value of «t leasts mone 
embodiment, the at least one parameter include rate of penetration of the drill bit 

In one embodiment, the crest of the at least one cutting element is oriented 
at an angle of about 10 to 25 degrees fiom the d^on of movernent of me 
5 cutting element as it contacts the earth formation when the cutting element is 
disi>oseri ma position m m another 

embodiment, the angle is about 350 to 335 degrees when the cutting element is 
dispose m a 

Another aspect of me invention is a method fox derigning a roller cone drill 
10 bit mcnioing sinniliun»g me hit driffing earth fbnnations. The drill hh mchides 

rofler cones *onlanl£ ^ alnaehed^a^bbd^ Each of me cciieshidudes aphrrahty 

of cutting elements, at least one of me anting dements bemg noa^axisynnnetric. 

ha me method, an orientation of the cutting dement is adjusted, and the drilling is 

agam simulated. The adjustment and shmu^^ 
15 least one dritting perfbnnance param m one embodiment, the at 

least one perfmnance parameter includes the rate of penetration of the drit bit 

Other aspects and advantages of me invention vail be apparent fiom the 

description which follows. 



20 

Figure 1 shows one example of a prior art roller cone drill bit hav.ng non- 
axisymmetric cutting elements. 

Figure 2 shows a bottom view of one example of a roller cone bit having 
cutting elements oriented according to me invention, 
25 Figure 3 shows one example of how to approximate a location of a drive 

row on a cone. 



3 




Figure 4 shows one embodiment of a cutting element which has more than 
one direction of a long dimension. 

TOTATT.HD DBSHRTPTION OF THH INVENTION 

Referring to Figure 1, a typical prior art roller cone drill bit 20 includes a 
5 1A body 22 having m extend and a plurality 

of roller cones 26 (usually three as Aown) attached to the other end of the bit body 
22 and able to rotate Wfth respect to the tat body 22, Attached to the corns 26 of 
die bit 20 are a plurality of cutting elements 28 typically arranged in rows about 
the^^ 

10 i^tf^^ii^ carbi40 NfflMrij^ ^dimuM^ or 

mflled steel teed* The cutting elements shown in Figure 1 at 28 are mm- 
axisymmetric, meaning that the crest 28A of file cutting element is not symmetric 
with respect to an axis (not shown) of the cutting element 28. Typically, the crest 
28A of a norHaxisymmetric cutting dement such as shown at 28 will define a long 

15 dimension, shown along line L. An orientation of the long dimension L is 
generally defined as an angle subtended between die direction of the long 
dimension L and a selected reference. In this example the reference is the 
rotational axis of the cone, shown at A. Any other suitable reference can be used 
to define die orientation of the cutting element The non-axisymmetric cutting 

20 dements 28 on the bit 20 shown in Figure 1 are arranged so that the long 
dimension L is substantially parallel (at zero degrees subtended ang?e) with 
respect to the axis rotation A- 

Jt should be noted that die long dimension X for the crest 28A shown in 
Figure 1 is substantially parallel to the crest 28A because die crest 28A is linear. 

25 Other shapes of crest are known in the art which will have different definitions of 
the long dimension. For example, crescent shaped crests on same catting elements 
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may have the long dimension defined as along a fine connecting the endpeints of 
the crescent Referring briefly to Figure 4, far example, a special type of cutting 
element 28B has a long dimension L2 across its crest which as shown in tins 
example is oriented differently than the long dimension LI of the base of die 
5 cutting element 28B. For the description of the invention which follows, the 
orientation of the crest of such cutting elements will be determined by the 
direction of L2. As wfll be further explained, the individual orientation of both L2 
and of LI can be optimized to provide improved drilling performance. 

Referring bade to Figure 1, although the bit 20 has been shown wherein 
10 substantially all the cutting elements 28 include the long dimension L> ft is within 
the scope of this invention if only one such cutting dement, or any other number 
of such cutting elements, is noiMxisymmetric anil includes long dimersion L» 
The rest of the cutting elements may be axisyininctric TTiearefbre, the member of 
nan- antisymmetric cutting dements is not intended to limit the invention* 
15 It has been determined that the orientation of me long dimension L -with 

respect to the axis of the cone A has an effect on drilling performance of the bit 
20. hi one aspect of the invention, drilling with the bit 20 through a selected earth 
formation is simulated The simulation typically includes determination of a rate 
- at which the bit penetrates through the selected earth formation (ROP). among 
20 other performance measures. In this aspect of the invention, the angle of the long 
dimension L with respect to die selected reference is adjusted, die drilling 
simulation is repeated, and the performance of the bit is again determined. The 
adjustment to the angle and simulation of drilling are repeated until the drilling 
performance is optimi zed La one embodiment of the invention, optimization is 
25 determined when the rate of penetration (ROP) is determined to be maximum. 

One such method for simulating the drilling of a roller cone drill bit such as 
shown in Figure 1 is described in U. S. patent application serial no. 09/524,088 
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filed on March 13, 2000, and assigned to the assignee of this invention The 
method of the '088 patent application is hereby incorporated by reference. The 
method for simulating the drffling performance of a roller cone bit drilling en earth 
formation may be used to optimize the design of roller cone drill bits, and to 
c^tmrize the driffing performance of a roller cone bit. The method includes 
selecting bit design parameters, selecting drilling parameters, and selecting an 
einAfbrmafiratobedrmed. Tl» bit design parameter 

the shape of the catting ekpeote on the drill The method A|* mcfodes 
calculating, fiam me bit design pararnetexs, drilling parameters and earth 
formation, me parameters of a crater formed wb^ one of the cutting dements 

contacts j^b^^ <|a^ii , J^jfln^tti^ptt^ ^ . . .."X^^ v^^S**^** ^^ B ^ l ^^ft„; , ^^^?^^Ss. * 
bottomhole geometry, wherein me crater is removed fiom * bottomhole surface. 
The method also includes mciementally rotating the bit and repeating the 
calculating of crater parameters and bottomhole geometry based on calculated 
15 roller cone rotation speed and geometrical location wifo » 
roller cone drill bit about its axis. 

m the present embodiment, the simulation according to the previously 
described p rogr am is performed. At least one drilling per formanc e parameter, 
which can include the rate of penetration, is determined as a result of the 
*20 simulation. The angle of the long dimension of the at least one non- 
axisymrnetric cutting element is adjusted. The simulation is repeated, lypicauy 
mclDding maintaining the values of all me other drilling conttol and drill bit 
design parameters, and the value of the at least one drilling performance parameter 
is again determined. Tins process is repeated until the value of -toe drilling 
25 performance parameter is optimized. In one example, as prmdonsly explained, the 
dfijBmg r^rfbrmance parameter is optimized when rate of penetration is 
d ete r min ed to be at a maximum. 
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For the special cutting element 28B shown in Figure 4, the orientation of 
the crest long dimension L2 and the orientation of the base long dimension LI can 
both be adjusted, die simulation repeated, and the results compared until tie value 
of the at least one drilling p erforman ce parameter is optimized It is believed that 
5 in some drill bits, the direction of the velocity vector may be different at the crest 
of die cutting dements dim at the base of die cutting elements. Specially shaped 
cutting elements such as shown at 28B in Figure 4 provide the bit designer whh 
the ability to optimize foe orientation of foe to^ dnnension at both the crest and at 
die base of the cutting elements to further improve drilling performance. As for 
10 foe other £iib^^ various aspects of die invention, 

die number of &lcb special cutting elements as shown m Vi&m 4 is not meant to 
limit die scope of the invention. 

Another aspect of ncm-axisymmetric cutting elements is that some :ypes of 
such cutting elements may not be symmetric with respect to a bisecting plane. 
15 Other types of such cutting dements may be symmetric wifo reject to a bisecting 
plane. Referring briefly to Figure 1, typical prior art cutting elements suet as 2&A 
which are not axisymmetric nonetheless have a bisecting plane about which foe 
cutting element is symmetric. In the prior art, such cutting elements 28A are 
oriented such that the bise 
20 of the roller cone. Another aspect of foe invention is that in addition to orienting 
foe cutting element crest at a selected angle with respect to foe ccme axis, foe 
bisecting plane is oriented at a selected angle with respect to the surface of Are 
cone. An example of this orientation is shown in Figure 2, where bisecting plane 
P subtends an angle ©4 with respect to perpendicular to foe surface of foe cone 26. 
25 As with other aspects of foe invention, the orientation of foe subtended angle 84 is 
preferably determined by selecting an initial value of the subtended angle, 
simulating performance of foe bit, adjusting foe angle, ami repeating foe 
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performance urffl . optimal vrfue of me a. M — drilling 
performance parameter i3 determined. 

Referring to Figure 2, through drilling fitorulaticar according to the method 
.fc^fted to the «» P*"* * *- *— <ktem>toed Uutt drittog 

CTCO bit having "chisel" d»ped fa*«ts, is optimal when me angle, shown as 0,. 
of tote^dimenaionl.i.to.iaaga rf^ 10 to about- 25 deg?^ with, respect 
to a* aria A, when the cutting deme* 28 to disposed tou ponton W the «me 
n.dially ootboarf (away ftomlhe center of me cone) of to ndial ptaatfon of , 
10 "drive tow" on me cone. If die cutting element, to orample, as shown at 29, rs 
disposed to a row radiallyiintrira: to tt«.dri»e sow position, ithMbeeudetamtoed 
driffiug performance is improved when me angle, shown to Figure 2 as 6,, .. 
wilhm. range of Aout3S0 to»5 degrees. The definition of me size of me angle 
,«d hereto is mat me angle increases in a direction of me Tending" edge (toward 

It has been detent 

xnc« preferred W * 25 *** a ^ 

preferred value for angle ©2 «* about 335 degrees. 

m the event tliat Ae^^itthig element %|adially positioned at the drive row 
20 locatkm, me angle n^^^ 10 to 25, or 350 to 335 degrees, 

(or more preferably 25 or 335 degiees) depending on which value of the angle 

provides a inore opttaized v^ 

higher rate of penetration. 

One method fo^^^ 
25 Figure 3. The lotetion .^rtviArtto l—******^ ** 

exanmle, nsing force calcolations such as described in fee "088 patent appHcation 

referred to earlier, or by simulating me drfllmg of me bit as in the ^088 patent 
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application. Having determined or otherwise estimated the rotation ratio of the 
cone 26, a ratio of drive row distance r 2 from the axis of the hit B with respect to 
effective cone radius ri wfll be approximately related to the position of the drive 
row. The drive row position for purposes of this invention will he located 
5 approximately at the position along die cone axis A where the ratio rjti is 
a ppr o xi mately the same as the rotation ratio of the cone 25. In any particular bit 
design, there may or may not be a row of cutting elements disposed at the drive 
row location. The angle for orienting the at least one cutting element can be 
selected, as previously explained, by considering the location of the at least one 
10 cm tting element with respect to the drive row location estimated according to the 
previously described method . 

Referring again to Figure 3, a particular feature of die invention is shown 
which has as its purpose further improvement of drilling performance. At least 
one of the cutting dements 30, in a row in which all the other cutting elements sre 
15 oriented at die pr e ferre d angle G x> preferably is oriented at a different angle 83 so 
that the row of cutting dements wfll resist "tracking''. The magnitude of the 
difference in the angles is not important, hut only need he selected to avoid 
tracking- In particular, whether the selected difference in angle between the at 
least one cutting element and the other cutting dements on the same row is enough 
20 to avoid tracking can be determined, among other methods, by using the driffing 
simulation technique described in the "088 patent application referred to earlier. 

This feature of die invention can work with other embodiments of a drill 
hit. For example, substantially all of the cutting dements on the bit may have long 
dimension L parallel to die respective axis A of the cone on which each cutting 
25 dement is disposed. At least one cutting ele ment on any. one row of cutting 
elements on the bit may be disposed so that its long dimension L subtends an 
angle other than parallel to die cone axis, hi another e x amp le, at least one cutting 
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element on each row on one cone can be disposed so that its long dimension is 
other than paraM to tte In yet anoAer example, at least one 

cutting element on each cone, ox alternatively, at least one cutting element on each 
row of each cone can be oriented so that its long dimenrion is other thm 
theconeaxis. In each of me foregoing examples, orienmig the irt least 
element so mat its long dimension other man parallel to me cone, when all the 
other cutting elements in the same row are parallel to ttieir respeetrve cone axis is 
mtendedtored^ 

outer ones of the cutting elements on the same row are not parallel to the cone axis 
hut are disposed at some selected angle (such as the previously described preferred 
ande) . As long as at least one cutting element is disposed at a different angle than 
all the other cutting elements on one row of cutting elements on ttfe ott, such 
configuration is wimm die contemplation of tins aspect of die invention. In 
another example, each row of cutting elements on each of the cones inciudes at 
least one cutting element disposed at an angle difierent from all me omer cutting 
elements on die row to avoid tracking. 

The invention has been described with respect to particular embodiments. 
It wiH be apparent to those skilled in the art thai other embodiment*, of the 
! invention can be devised which do not depart from the spirit of me invention as 
20 Closed herein. Accordingly, the invention sbafl be h^ted in scope only by the 
a ttach ed cl**™*- 
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CLAIMS 



1. A method fbr optimizmg drilling performance of a roller cone drill 



2 bit, comprising: 

3 ginnOatfrg drills 

4 least one drifting performance parcarneter; 

5 adjusting an orientation of at least one non-axisyirnne^ caning element 

6 on the bit; 

7 repeating the rimnlating the drilling and d^tenmning the at least 

8 perffai ipaai^ .p<tgitict^ and 

9 rep^r^lw a^Smg anfrsrmuh^ *** 

10 per^rniancepa^ 

1 2. The method aa defined in claim 1 wherein the at least 

2 pfrr W?» mM parameter comprises a rate of peneUa tion . 

1 3. The method as defined in claim 2 wherein the optimum value is 

2 determuied when the rate of pra^ 

1 4. The method as defined in claim 3 wtoaein the optimum value 

2 detenmned^ehW 

3 at least one cutting element is disposed ' ouftoardWa drive row location on me 

4 cone. 

1 5. The method as defined in claim 3 wherein the optimum value is 

2 determined when the orientation is about 25 degrees when me at least one cutting 

3 element is disposed outboard of a drive row location on die cone. 
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! 6 The method as defined in claim 3 wherein the optimum vahae is 

2 determined when the orientation is in axange of about 350 to 335 Wh ^ 

3- 

4 cone. 
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determined when me onemauou 

the at least one cutting element is disposed inboard of a drive row location on the 



! 7 . The method as defined in claim 3 wherein the optimum vabe 

2 deternnnedwr^^ 

3 elenumtisdispoi^mboardtf^ 



8. The method as defined in claim l^^fy^.^!'^^- * ° f 

2 tbeataej^one^ 

3 orientation of a base of flw at least on? . nonraj^nahi#nTO cutting element to 

4 optimize the value of the at least one drilling perJbrmance parameter. 

1 9. The method as defined in claim 1 runner cornprising: 

2 adjusting an angle of a bisecting plane of the at feast one non-axisynnnetric 
3^ cattiinj demon wi^ 

4 rum-axisynnnetric cutting element is disposed; 

5 repeating the simulating and determining; and 

6 rei^eating the iidjustmg me bisecting plane angle, shnulating and 
7, determimng until the optimal value of the at least one drfllmg performance 
8 parameter is determmedtobeattte 
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! 10. A roller cone drill bit, comprising: 

2 aphirafiryofron^ 

3 a plaraKty of catting elements on each of the cones, at least one of 

4 thecutting elements beiiig non-ffldsynmietric; and 

5 " herein an angle subteiided between a lo^ 

6 one non^synunetric cutting den^ and an axis of nn^on of the cone » 

7 w^theatleastonec^ 

8 atleastonedriuhigperfo^ 

! 11. The idler cone drill bit as de&ed ^ ^ ib^mm^ * least 

penetration of the bit. 



2 one drilling 

! 12. The roller cone driB bit as 

2 ,»i»r«cm«>ielyW^ 

3 outboard of a drive relocation on meccne. 

1 13. The roller cone drfflbft as dem^ 

2 approxhnately 25 degrees wba disposed 

3 outboard of a drive row location on thecone. 

1 14. The roller cone drill bit as denned in claim 10 wneieuilhe angle is 

2 approximately 350 to 335 degrees when me at least one cutting element is 

3 disposed inboard of the drive row location. 
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15. The roller conedrfll bit as denned m clato 10 wheiehiti^ angle is 

2 approximately 335 degrees when me at least one ortting element is disposed 

3 inboard of the drive row location. 
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, 16 The roller cone drill bit as defined in claim 1 0 wherein the angle is 

2 the one of approximately 25 degrees and approximately 335 degrees which 

3 provides a higher rale of penetration, when the at least one cutting element is 

4 disposed on a drive row location on the cone. 

1 17. The roller cone drill bit as defined in claim 10 wherein the cutting 

2 elements comprise milled steel teeth. 

1 18. The toller cone drill bit as defined in claim 10 wherein me catting 

2 elements comprise tungsten carbide inserts. 

1 19. The roller cone -drill bit as defined in chum 10 wherein the cutting 

2 denvmte comprise polycrysla^ 

1 20. The roller cone drill bit as defined in claim 10 wherein at least one 

2 cutting elementin a row havmg cutting elemente ori 

3 disposed at a different angle whereby the dritt bit substantia 

1 21 The rotter cone drill bit as defined in claim 10 wherein an angle 

2 subtended between a long dhnenskm of a crest of me at least one non- 

3 arisynunetric cutting element and an axis of rotation of the cone on which the at 

4 least one cutting element is disposed, and an angle subtended between a long 

5 dimension of me base of me non-axisymanetric cutting element and the axis of the 

6 cone are both selected to optimize a value of the at least one driffing peif armance 

7 parameter. 
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1 22. The roller cone drill bit as defined in claim 21 wherein the at least 

2 one drilling performance parameter comprises rate of penetration of the bit- 

1 23* The roller cone as defined in claim 10 wherein an angle subtended 

2 between a bisecting plane of the at least one ncm-axisymmetric cutting element 

3 and a surface of the cone oil which the at least one non-axisymmetric catling 

4 element is disposed is selected to optimize the value of the at least one drilling 

1 24, The roller cone drill bit as defined in claim 23 wherein the at least 

^ dfo of fi» Wfe- 

1 25. A roller ctme drifl bit, coajipdsing: 

2 a plurality of roller cones rotatably momited on a bit body; ard 

3 a plurality of ncm-axisymmetric cutting element** disposed on each of 

4 the roller cones, on at least one row of the cutting elements there being at least one 

5 of the cutting elements oriented at a different angle than the other ones of the 

6 cutting elements on the at least one row of cutting elements. 

1 26. The roller cone drill bit as defined in claim 25 further composing, on 

2 each of the roller cones, at least one cutting element being oriented at an angle 

3 different than flie other ones of the cutting elements on the at least one row of die 

4 cutting elements. 
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27. The roller cone drill bit as defined in claim 26 further comprising, on 
one of the rows on at least one cone, at least one cutting element in each one 

of the rows row being oriented at an angle different than the other ones of the 
cutting elements in a same one of the rows. 

28. The roller conedcfllWt as defined ft<^ttf0(hcrcmSKis&* 
least one cutting element an each row oil each of the roller ^eones^ cnfenledat 
ah angle different than the other ones of the cuttnigeh^ 

each of the roller cones. 

other ones of the cntting elements is oriented so that its long feeksnon is 
substantially parallel to an axfc of the one of the W 
is disposed. 

30. The roller cone drill bit as defined in claim 29 wherein each of file 
other ones of the cutting elements is oriented so that its long dhnernrion is 
aibstaimally parallel to an axis of the one of the one of me roller cones on which it 
is disposed. . ^ 
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